The aim of this work is to study the large-time behavior of the Scharfetter-Gummel scheme for the drift-diffusion model for semiconductors. We prove the convergence of the numerical solutions to an approximation of the thermal equilibrium. We also present numerical experiments which underline the preservation of long-time behavior.
Introduction
In the modeling of semiconductor devices, the drift-diffusion system is widely used as it simplifies computations while giving an accurate description of the device physics. Let˝
be an open and bounded domain describing the geometry of the semiconductor device. The isothermal drift-diffusion system consists of two continuity equations for the electron density N.x; t/ and the hole density P .x; t/, and a Poisson equation for the electrostatic potential V .x; t/:
where C.x/ is the doping profile, which is assumed to be a given datum, and is the Debye length arising from the scaling of the physical model. We supplement these equations with initial conditions N 0 .x/ and P 0 .x/ and physically motivated boundary conditions: Dirichlet boundary conditions N , P and V on ohmic contacts D and homogeneous Neumann boundary conditions on insulating boundary segments N . There is an extensive literature on numerical schemes for the drift-diffusion equations: finite difference methods, finite elements methods, mixed exponential fitting finite elements methods, finite volume methods (see [1] ). The ScharfetterGummel scheme is widely used to approximate the drift-diffusion equations in the linear case. It has been proposed and studied in [7] and [10] . It preserves steadystate, and is second order accurate in space (see [9] ). The purpose of this paper is to study the large time behavior of the numerical solution given by the Scharfetter-Gummel scheme for the transient linear driftdiffusion model (1). Indeed, it has been proved by H. Gajewski and K. Gärtner in [5] that the solution to the transient system (1) converges to the thermal equilibrium state as t ! 1 if the boundary conditions are in thermal equilibrium. A. Jüngel extends this result to a degenerate model with nonlinear diffusivities in [8] . The thermal equilibrium is a particular steady-state for which electron and hole currents, namely rN N rV and rP C P rV , vanish. If the Dirichlet boundary conditions satisfy N ; P > 0 and log.N / V D˛N and log.P / C V D˛P on D ;
the thermal equilibrium is defined by
with the same boundary conditions as (1). Our aim is to prove that the solution of the Scharfetter-Gummel scheme converges to an approximation of the thermal equilibrium as t ! C1. Long-time behavior of solutions to discretized drift-diffusion systems have been studied in [5], [2] and [6], using estimates of the energy.
In the sequel, we will suppose that the following hypotheses are fulfilled:
(H1) N , P are traces on D .0; T / of functions, also denoted N and P , such that N ; P 2 H 1 .˝ .0; T // \ L 1 .˝ .0; T // and N ; P 0 a.e., (H2) N 0 ; P 0 2 L 1 .˝/ and N 0 ; P 0 0 a.e., (H3) there exist 0 < m Ä M such that: m Ä N ; N 0 ; P ; P 0 Ä M , (H4) N , P and V satisfy the compatibility condition (2).
